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Humans form a close co-habitat with Gram-negative bacte-
ria since the beginning of ages. Perhaps one of the keys for 
human survival during this co-existence is the proper sens-
ing and recognition of Gram-negative bacteria surrounding 
and within human tissues and cells. Lipopolysaccharide 
(LPS), also known as endotoxin, is a major component of 
the Gram-negative bacteria cell wall. Depending on the cell 
types and contexts, LPS can trigger a plethora of host re-
sponses that include the expression of pro- and an-
ti-inflammatory cytokines, chemotaxis, phagocytosis, cell 
proliferation, necrosis and apoptosis, as well as maturation 
and differentiation of innate leukocytes such as macrophag-
es, dendritic cells, and neutrophils. Due to its diverse and 
potent effects on host immunity, endotoxin recognition 
serves as a linchpin that underlies the proper immune de-
fense against bacteria spread beyond mucosal barriers, 
chronic infection and inflammation, as well as acute cyto-
kine storms and septic death.     
Given its significance, decades of studies have focused 
on how host cells recognize bacteria LPS, and eventually 
led to the identification of an essential host cell membrane 
receptor, Toll-like-receptor 4 (TLR4). Not surprisingly, the 
discovery of TLR4 receptor was recognized by a recent 
Nobel prize [1]. A series of studies about TLR4 and its 
downstream signaling processes uncovered rich mecha-
nisms responsible for the diverse cellular responses. How-
ever, intracellular bacteria must also be properly recognized 
and processed. Indeed, recent studies suggest that in-
tra-cellular LPS may signal independently of TLR4, and 
induce the activation of a unique caspase, caspase 11 [2,3]. 
Caspase 11 activation may enhance the host’s ability to bet-
ter process the inflammatory cytokines such as IL-1β and 
IL-18. In addition, this process may also lead to a distinct 
form of cell death termed pyroptosis. Despite these advanc-
es, the specific intracellular receptor for LPS has remained 
elusive until a recent study by Shi et al. [4]. To fill this crit-
ical void, this study from Dr. Shao Feng’s group convinc-
ingly demonstrated that human caspase 4, a functional 
homologue of murine caspase 11, can directly interact with 
intracellular LPS in human cells, and responsible for the 
intracellular sensing of LPS.    
By combined biochemical approaches that include the 
traditional pool-down assays and surface plasma resonance 
(SPR) measurements, the authors showed that both human 
caspase 4 and mice caspase 11 can form a high affinity 
complex with LPS or the lipid A moiety of LPS, but not 
MDP or Pam3CSK4—other molecular patterns mimicking 
Gram-negative bacteria products. Furthermore, LPS binding 
induces oligomerization and activation of caspase 4/11. The 
penta-acylated LPS-RS, a functional LPS antagonist, can 
bind with caspase 11 with similar affinity, yet fails to in-
duce caspase 4/11 oligomerization and activation. The au-
thors also identified key lysine residues within caspase 11 
necessary for the interaction with LPS. Another interesting 
finding is that caspase 5 can also interact with LPS, and 
offers a complex scenario of pyroptosis regulation by LPS.   
At the functional level, Shi et al. [4] reported that LPS 
may activate caspase 4 in not only human macrophages, but 
also other non-immune cells such as epithelial cells and 
keratinocytes. As suggested by the authors in the report, this 
finding may open up novel functional relevance of LPS 
sensing by non-myeloid cells in the contexts of both acute 
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and chronic infections. 
This study by Shi et al. [4] not only elegantly solved the 
recognition issue of intracellular LPS, but also has far 
reaching clinical implications, since LPS is related to the 
pathogenesis of both acute and chronic inflammatory dis-
eases. However, before we can fully harness the benefit of 
this finding, additional pressing questions must be ad-
dressed. First, it is not clear how cells properly coordinate 
the sensing of extra-cellular and intra-cellular LPS. Innate 
leukocytes are known to adopt dynamic responses to LPS, 
depending on LPS concentration and the prior cellular con-
ditions, as reflected in the classical example of LPS priming 
and tolerance [5]. Future functional studies are warranted to 
clarify the systems dynamics of these molecular events re-
garding LPS recognition. Second, the regulations and roles 
of caspase 4/5/11 in different cell types are likely distinct. 
Detailed analyses are warranted to define the expression 
levels, downstream effector functions of caspase 4/5/11 in 
naïve and differentiated monocytes, macrophages, dendritic 
cells, neutrophils and B cells. The context-dependent func-
tion of LPS sensing by inter-cellular and extra-cellular sen-
sor will bear critical relevance to the disease pathogenesis 
and homeostasis of tissue inflammation. Third, it remains to 
be determined whether caspase 4/5/11 may serve as the 
sensor for additional molecular patterns beside LPS. The 
extra-cellular sensor of LPS, TLR4 is known to mediate the 
sensing of other molecules such as taxol and fatty acids. 
There is a possibility that caspase 4/5/11 may also sense 
other self-molecules within cytosol. Addressing these issues 
will have clinical impacts in not only infectious diseases, 
but also inflammatory and auto-immune syndromes. Excit-
ing questions and opportunities still await us focusing on 
LPS, an ancient molecule that has been accompanying hu-
mans for eternity.  
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